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Geology compiled in 1985-1986. Geologic mapping of Tertiary and
Quaternary volcanic rocks and surficial deposits by Roy A. Bailey,
assisted by Robert P. Koeppen, Thomas J. Holecek, Frederick W.
Wilson, Roy E. Chaudet, and Maribeth Hughett Price, 1972-1975,
1978, 1981, 1985, 1986. Geology of Mammoth Mountain
generalized from unpublished mapping by Robert P. Koeppen, 1973-
1977. Geology of the rhyolite complex of Glass Mountain
generalized from unpublished mapping by Jenny M. Metz, 1983-
1986, and R.A. Bailey, 1974-1975, 1978, 1981. Geology of the
northern part of the Glass Mountain quadrangle adapted from
Krauskopf and Bateman (1977) and of the northern part of the
Cowtrack Mountain quadrangle in part from unpublished mapping by
Michael F. Sheridan (1973). Pre-Tertiary geology generalized from
Rinehart and Ross (1957, 1964), Huber and Rinehart (1965), Kistler
(1966), and Krauskopf and Bateman (1977).
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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS
Alluvial, lacustrine, and hot-spring deposits

Younger alluvium (Holocene)—Unconsolidated silt, sand, and gravel deposited by actively
aggrading streams; includes meadow and marsh deposits

Talus (Holocene)—Angular rock debris forming steep cones and ramparts mainly at base of
cliffs

Colluvium (Holocene)—Loose heterogeneous detritus and soil accumulated by slopewash and
other mass-wasting processes; locally includes reworked Holocene pumice and ash-fall
deposits

Landslide deposits (Holocene)—Restricted to Paoha Island in Mono Lake; lacustrine sediments
affected by landslide and earth flow, caused by uplift during emplacement of subjacent
rhyolite cryptodome

Alluvial fan deposits (Holocene and Pleistocene)—Coarse sand and gravel forming fans and
moderately steep alluvial cones

Aeolian deposits (Holocene and Pleistocene)—Dune and windblown deposits composed
predominantly of sand, ash, and fine pumice clasts; formed mainly by aeolian
redeposition of ash and pumice lapilli from unconsolidated parts of the Bishop Tuff and
pyroclastic deposits of Mono-Inyo Craters; occur mainly around southeastern and
northeastern shores of Mono Lake and in northern parts of Cowtrack and Glass
Mountain quadrangles

Lacustrine sediments (Holocene and Pleistocene)—Light-grayish-tan to buff, thin-bedded silts
and clays containing numerous interbeds of white diatomite and basaltic, quartz-latitic,
and rhyolitic ash, mainly from local sources; occur in Long Valley as deposits of
Pleistocene Long Valley Lake (Mayo, 1934) and on Paoha Island as deposits of
Pleistocene Mono Lake (Lake Russell), where they underlie Wilson Creek Formation
of Lajoie (1968, 1969); also includes lake-bottom oozes recently exposed along
receding shoreline of Mono Lake. Also includes lake beds of uncertain age in Adobe
Valley. Long Valley deposits attain as much as 300 m thickness in drill holes and are
estimated to range in age from about 700 ka to 100-50 ka; Paoha Island deposits are
about 100 m thick and are estimated to range in age from at least 170 ka to about 25
ka (Lajoie, 1968)

Older alluvium (Pleistocene)—Stream deposits undergoing erosion and dissection; includes
most late Pleistocene glacial outwash and related periglacial sediments

Lake terrace deposits (Pleistocene)—Lake terrace gravels, deltaic deposits, and interbedded
fluvial and lacustrine sediments surrounding Mono Lake; as mapped, includes Wilson
Creek Formation of Lajoie (1968, 1969); approximately coeval with Wisconsin age
glaciations; maximum exposed thickness 70 m in Rush Creek

Travertine and calcareous tufa (Pleistocene)—Travertine hot-spring deposits, commonly
located on faults, and calcareous tufa, deposited mainly along former shorelines of
Pleistocene Long Valley Lake and around shores of Mono Lake

Siliceous sinter (Pleistocene)—Siliceous hot-spring deposits, located along faults mainly in
Long Valley caldera

Sandstone and conglomerate (Pleistocene)—Indurated, silica-cemented gray sandstone and
pebble conglomerate consisting mainly of early rhyolite and moat rhyolite detritus;
commonly occurs in large-scale topset, foreset, and bottomset beds typical of deltaic
deposits; topset beds locally contain silicified marsh plants and wood, and also
abundant pipelike fossil fumaroles formed during former widespread fumarolic activity;
formed in Pleistocene Long Valley Lake mainly on flanks of resurgent dome,
particularly on the east and southeast; coeval with southeast moat rhyolite; maximum
exposed thickness 30 m in Hot Creek

Terrace gravel (Pleistocene)—Consists mainly of well-rounded felsite and obsidian pebbles
formed by wave action at former strand lines of Pleistocene Long Valley Lake; on east
side of Long Valley, composed predominantly of clasts derived from rhyolite tuff of
Glass Mountain (unit Qrt); on west side of Long Valley composed mainly of clasts
derived from early rhyolite tuff (unit Qet). Maximum thickness is about 10 m; estimated
age ranges from about 600 ka to 100-50 ka

Older alluvial fan deposits (Pleistocene)—Coarse fan deposits and megabreccia formed by
rapid erosion and avalanching of over-steepened caldera walls immediately after
collapse of Long Valley caldera; exposed mainly along the eastern margin of caldera
but probably occur in the subsurface around entire caldera margin and are shown in
map cross sections; where exposed on the eastern caldera margin, deposits consist of
tuffaceous sand and gravel composed mainly of reworked ash and clasts of felsite,
obsidian, and pumice derived from rhyolite tuff of Glass Mountain (unit Qgt), which
forms east wall of caldera; contains interbeds of early rhyolite tuff, implying an
approximate age of 700 —600 ka; maximum exposed thickness about 40 m. Unit also
includes unrelated, but in part contemporaneous, fluvial gravels northeast of Glass
Mountain and east of Black Mountain; maximum thickness about 10 m

Older gravel deposits (Pleistocene)—Coarse gravels exposed mainly in north wall of Long
Valley caldera in vicinity of Alpers and Clark canyons; consist of rounded to
subrounded cobbles and boulders mainly of Tertiary basalt (unit Tba), rhyolite welded
tuff (unit Trt), and pre-Tertiary granitic and metamorphic rocks; in Clark Canyon and
eastward contains increasing amounts of rhyolitic detritus derived from Glass Mountain;
overlies Tertiary basalt and welded tuff (units Tba and Trt) and granitic rock unit (J&kg)
and underlies Bishop Tuff (unit Qbt); may be in part equivalent to outwash of Sherwin
Glaciation (unit Qso); maximum exposed thickness about 100 m in Alpers Canyon

Alluvium (Pliocene)—Thin veneer of alluvial deposits on upland surfaces in the Sierra Nevada;
locally underlies or is contemporaneous with Tertiary basalt and andesite (unit Tha)
Glacial deposits
Rock glacier (Holocene)—Very coarse angular rock debris, generally with interstitial ice or ice
cores, occurring in high cirques in the Sierra Nevada; comprises neoglacial deposits of
Matthes and Recess Peak glaciations (Birman, 1964)

Cirque moraine (Holocene)—Neoglacial deposits of Hilgard glaciation (Birman, 1964) in larger
cirques of the Sierra Nevada; usually forms sheetlike deposits of large, commonly
anomalously weathered and iron-stained granitic blocks with little fine-grained
interstitial material

Tioga Till (Pleistocene)—Deposits of Tioga glaciation (Blackwelder, 1931); crests of moraines
sharp and little modified by erosion; granitic boulders show little or no surface
weathering or pitting (Sharp, 1969)

Tenaya Till (Pleistocene)—Deposits of Tenaya glaciation (Sharp and Birman, 1963); crests of
moraines generally more rounded and subdued than Tioga moraines; granitic boulders
show noticeable surface roughness and relief on mafic inclusions (Sharp,1969)

Tahoe Till (Pleistocene)—Deposits of Tahoe glaciation (Blackwelder, 1931); crests of
moraines noticeably modified by erosion and outer slopes commonly deeply rilled;
granitic boulders usually irregular, showing deep pitting and high relief on mafic
inclusions (Sharp, 1969)

Casa Diablo Till (Pleistocene)—Relatively formless till with limited exposure interlayered with
trachybasalt flows in Mammoth Creek drainage (Curry, 1971); distinguished from other
Wisconsin age tills in Mammoth drainage by absence of clasts of quartz latite of
Mammoth Mountain; exact age and correlation uncertain, but apparently predates
building of Mammoth Mountain cumulovolcano; K-Ar ages of underlying and overlying
trachybasalt flows equivocal: 129 and 64 ka, respectively, according to Mankinen and
others (1986), 440 and 192 ka, according to Curry (1971); possibly correlative with
either Mono Basin or Tahoe Tills

Mono Basin Till (Pleistocene)—Deposits of Mono Basin glaciation (Sharp and Birman, 1963);
crests of moraines rounded and outer slopes usually smooth; granitic boulders irregular,
deeply pitted, and commonly much reduced in size by weathering with development
of abundant interstitial gruss (Sharp and Birman, 1963)

Sherwin Till (Pleistocene)—Deposits of Sherwin glaciation (Blackwelder, 1931); form thick,
massive, nearly formless moraines at mouth of Rock Creek in Casa Diablo Mountain
quadrangle and south of Lee Vining Creek in Mono Craters quadrangle, as well as
smaller local remnants elsewhere along Sierran escarpment; predates Bishop Tuff
(Putman, 1960; Sharp, 1968)

Outwash of Sherwin glaciation (Pleistocene)—Coarse outwash gravel of Sherwin glaciation
exposed locally in walls of Owens River Gorge (Putman, 1960; Sharp, 1968) in Casa
Diablo Mountain quadrangle and in vicinity of Alpers Canyon in Cowtrack Mountain
quadrangle; consists predominantly of boulders and cobbles of Sierran granitic and
metamorphic rocks; contemporaneous with Sherwin Till (Qs)

Glacial deposits, undivided (Pleistocene)

McGee Till (Pleistocene)—Extremely coarse bouldery deposits on upland surfaces in vicinity
of McGee Mountain in Mount Morrison quadrangle (Blackwelder, 1931; Rinehart and
Ross, 1964); consists largely of granitic rock derived from Mount Morgan, south of map

area; locally overlies basaltic lava and cinder having a K-Ar age of 2.6 Ma (Dalrymple,
1963)

VOLCANIC ROCKS
Rhyolitic rocks

Phreatic explosion deposits (Holocene)—Semi-indurated mud and angular rock debris erupted
during steam explosions from Inyo Craters and a few other smaller explosion craters
on north slope of Mammoth Mountain; radiocarbon dating and dendrochronological
evidence indicate eruption between A.D. 1340 and 1460 at Inyo Craters (Wood,
1977); Mammoth Mountain deposits have radiocarbon age of 500 =200 yr B.P. (Meyer
Rubin, written commun., 1977) and probably were contemporaneous; deposits are at
least 8 m thick around Inyo Crater Lakes

- Rhyolite of Inyo domes (Holocene)—Includes Obsidian Dome, Glass Creek Dome, Deadman
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Creek Dome, and two smaller unnamed domes, which form discontinuous chain
straddling northwest rim of Long Valley caldera; radiocarbon dating of associated
tephra deposits indicates an age between 650 and 550 yr B.P.; dendrochronological
evidence indicates probable minimum calendar age of A.D. 1433 (Miller, 1985); domes
are composed of two contrasting low-silica rhyolites: dark-colored, finely porphyritic
obsidian and light-colored, coarsely porphyritic pumiceous rhyolite, which are
commonly fluidly intermixed and display striking “marble cake” sturcture; obsidian
contains small plagioclase, sanidine, quartz, biotite, and hypersthene phenocrysts;
coarsely porphyritic rhyolite contains plagioclase, sanidine, quartz, biotite, hornblende,
and Fe-Ti oxide phenocrysts; individual dome flows attain maximum thickness of 125
m and diameter of 1 km

Pyroclastic flow deposits Holocene)—White, buff, or pink, unsorted rhyolite ash and pumice
lapilli emplaced as pyroclastic flows from vents associated with Inyo domes and
younger Mono domes; radiocarbon dating indicates an age of 650-550 yr B.P. (Miller,
1985; Sieh and Bursik, 1986)

Pyroclastic surge deposits (Holocene)—Poorly sorted rhyolite pumice lapilli and blocks
forming fines-depleted surge deposit exhibiting prominent arcuate dune forms
southwest of Panum Crater, from which it probably erupted; stratigraphic relations and
radiocarbon dating of associated tephra deposits indicate age of about 550 yr B.P.
(Sieh and Bursik, 1986) (short-dashed lines show orientation of dune crests)

Pyroclastic avalanche deposit (Holocene)—Extremely coarse, fines-depleted block avalanche
consisting predominantly of angular to subangular blocks and lapilli of gray aphyric
rhyolite varying in texture from dense to pumiceous; contains 10-15 percent of
flattened, oblate, bread-crusted blocks to which adjacent fragments are agglutinated;
restricted to the northwest flank of Panum Crater and probably originated from collapse
of an early dome within the crater; stratigraphic relations and radiocarbon dating of
associated tephra deposits indicate age of about 550 yr B.P. (Seih and Bursik, 1986)
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Pyroclastic fall deposits (Holocene and Pleistocene)—White to light-gray rhyolite ash and
pumice lapilli erupted from Mono-Inyo Craters chain; predominantly pyroclastic fall
deposits but locally includes thin pyroclastic flows; deposits blanket most of terrane
northeast of Mono—Inyo Craters volcanic chain but are generally shown only where
thickness exceeds 1 m. Stratigraphic relations, radiocarbon dating, and obsidian
hydration-rind dating of associated lava domes indicate age range of 40,000 to 550 yr
B.P. (Lajoie, 1968; Wood, 1983)

Rhyolite of Mono domes (Holocene and Pleistocene)—Predominantly aphyric to sparsely
porphyritic high-silica rhyolite forming arcuate chain of overlapping domes, flows, and
craters in Mono Craters quadrangle. Divided into:

- Younger domes and flows (Holocene)—Aphyric rhyolite, predominantly glassy, varying
widely in texture from dense obsidian to finely vesicular pumice; ages range from about
3,000 to 550 yr B.P. (Wood, 1977; Sieh and Bursik, 1986); includes chemically similar
1,350-yr-B.P. Wilson Butte in Inyo Craters chain and also sparsely porphyritic, low-
silica, pyroxene rhyolite in Mono Lake; individual dome flows attain maximum
thickness of 200 m and 4 km length

- Older domes and flows (Holocene and Pleistocene)—Sparsely porphyritic rhyolite,
predominantly glassy, containing small phenocrysts of quartz, sanidine, and plagioclase
and traces of pyroxene, biotite, and hornblende; ages range from about 40,000 to
3,000 yr B.P. (Wood, 1983); includes 6,000-yr-B.P. chemically related north Deadman
Creek dome in Inyo Craters chain; individual domes attain 150 m thickness and 1.5
km diameter; maximum total thickness along crest of chain is at least 600 m

Moat rhyolite (Pleistocene)—Typically porphyritic rhyolite with locally variable mineralogy,
forming domes, flows, and associated pyroclastic deposits in moat of Long Valley
caldera peripheral to resurgent dome; erupted from three groups of vents in north,
southeast, and west sectors of caldera moat at about 500, 300, and 100 ka, respectively
(Bailey and others, 1976). Divided into:

Rhyolite of Mammoth Knolls—Porphyritic high-silica rhyolite in west moat; contains quartz,
sanidine, plagioclase, and biotite phenocrysts and traces of hornblende in light-gray to
buff-gray glassy pumiceous matrix; sanidine commonly mantles plagioclase; forms three
steep-sided domes that include Mammoth Knolls immediately north of Mammoth Lakes
townsite and includes crudely bedded near-vent pyroclastic breccia (mrp); K-Ar ages
range from 110 to 97 ka (Mankinen and others, 1986); individual domes average 1 km
in diameter and 150 m in thickness

- Rhyolite of Hot Creek—Sparsely porphyritic high-silica rhyolite containing small quartz,
sanidine, plagioclase, biotite, and clinopyroxene phenocrysts; texture and color
variable from black vitrophyre to medium-gray or pink felsite to light-gray dense
pumice; locally bleached or oxided by hydrothermal alteration; forms domes and flows
in southeast moat, largest of which (5 km long and 150 m thick) is informally referred
to as Hot Creek flow; K-Ar ages range from 329 ka to 288 ka (Mankinen and others,
1986)

Hornblende-biotite rhyolite—Coarsely porphyritic low-silica rhyolite containing wvarying
proportions of quartz, sanidine, plagioclase, hornblende, biotite, and Fe-Ti oxide
phenocrysts, usually in light-gray to blue-gray, pumiceous or perlitic glassy matrix;
occurs as steep-sided domes and flows of widely varying size, ranging from 10 m in
diameter to 5 km long and from 5 to 80 m thick; forms three eruptive groups of differing
age in north, southeast, and west moat of Long Valley caldera:

Unit 3—Occurs in west moat; K-Ar ages range from 158 to 115 ka (Mankinen and others,

- 1986; G.B. Dalrymple, written commun., 1987)

Unit 2—Occurs in southeast moat; K-Ar ages range from 362 to 333 ka (Mankinen and
others, 1986)

Unit 1—Occurs in north moat; K-Ar range from 527 to 481 ka (Mankinen and others,
1986): includes crudely bedded, near-vent, pumiceous rhyolite agglutinate (mra)
forming a breached crater around westernmost vent; agglutinate commonly contains
accidental inclusions of precaldera Tertiary basalt and, less commonly, fragments of
Sierran granitic rocks; maximum exposed thickness 30 m

Early rhyolite (Pleistocene)—Aphuyric to sparsely porphyritic rhyolite domes, flows, and tuffs
exposed mainly on resurgent dome in central part of Long Valley caldera; postdates
eruption of Bishop Tuff and represents earliest episode of postcaldera volcanism;
although K-Ar ages range from 751 to 652 ka (Mankinen and others, 1986), all flow
units overlie 727—ka intracaldera Bishop Tuff. Divided into:

Qef Flows and domes—Aphyric to sparsely porphyritic rhyolite containing small plagioclase,
hypersthene, and rarely biotite phenocrysts; texture and color variable from black or
rarely red-brown obsidian to gray perlite, brown felsite, and brownish-gray pumice;
occurs as relatively thin (25-50 m) extensive (2-6 km) flows and dome flows on
resurgent dome

Qet Tuff—Light-gray to white, massive to bedded rhyolite tuff mineralogically similar to
associated aphyric to sparsely porphyritic flows (unit Qef ); commonly contains angular
to subrounded accidental inclusions of densely welded Bishop Tuff and, less commonly
basaltic, granitic, and metamorphic rock fragments; exposed mainly on resurgent dome
but is encountered in drill holes in subsurface throughout caldera moat; although
exposure is limited, tuff on resurgent dome appears to have been deposited mainly
subaerially, but tuff on flanks of dome and in moat may be mainly subaqueous,
deposited in waters of Pleistocene Long Valley Lake, as suggested by local occurrence
of ripple marks and soft-sediment deformation; tuffs mainly underlie but locally are
interbedded with early rhyolite flows (unit Qef); maximum thickness encountered in
drill holes is about 600 m but probably is greater locally

Bishop Tuff (Pleistocene)—Nonwelded to densely welded ash-flow tuff, consisting of
porphuyritic rhyolite ash and pumice lapilli characteristically containing quartz, sanidine,
plagioclase, and biotite phenocrysts, plus minor amounts of augite, hypersthene, and
Fe-Ti oxides; occurs as an extensive sheetlike deposit surrounding Long Valley caldera
and is particularly well exposed on the Volcanic Tableland in Casa Diablo Mountain
quadrangle; also occurs in subsurface within Long Valley caldera, where it is
encountered in drill holes at depths greater than 200 m; maximum intracaldera
thickness, 1,500 m; maximum extracaldera thickness, 200 m. In thick vertical sections,
rock varies downward from unconsolidated, nonsorted, grayish-white pumiceous tuff
through salmon pink to purplish-gray partly welded tuff and brownish-gray to dark
gray, dense devitrified tuff to black vitrophyre; welded parts usually exhibit eutaxitic
texture; includes 2 to 3 m of basal, well-bedded, plinian pumice-fall deposit; K-Ar age
is 0.73 Ma (727 =15 ka, Mankinen and others, 1986); Long Valley caldera formed in
response to eruption of this voluminous pyroclastic unit

Rhyolite of Glass Mountain (Pleistocene)—Aphyric to sparsely porphyritic rhyolite containing
quartz, sanidine, plagioclase, and occasionally biotite phenocrysts in glassy felsic
groundmass; occurs as complex accumulation of precaldera domes, flows, and tuffs on
northeast rim of Long Valley caldera, mainly in Cowtrack Mountain, Glass Mountain,
and Casa Diablo Mountain quadrangles; K-Ar ages range from 2.1 to 0.8 Ma (Metz and
Mahood, 1985). Divided into:

Domes and flows—Lithology variable; includes felsite dome and flow interiors, obsidian and
perlite chill margins, pumiceous carapaces, and adjacent fused breccias; individual
flows attain thicknesses of 250 m and cover as much as 10 km? area

Tuff—White to grayish-white bedded rhyolite tuff interlayered with domes and flows on
Glass Mountain and extending laterally as broad pyroclastic fans, now much dissected,
to northeast and southeast; predominantly pyroclastic fall deposits but includes many
thin nonwelded pyroclastic flows and block-and-ash flows; distal facies show some
alluvial reworking and locally are conglomeratic; includes rocks mapped as the tuff
of Taylor Canyon in Glass Mountain quadrangle by Krauskopf and Bateman (1977)

- Intrusions—Shallow intrusive masses, plugs, and dikes, mainly feeders for dome and flows;

lithologies include sheeted to massive felsite intrusion cores, obsidian selveges, and
fused breccia margins

Rhyolite welded tuff (Miocene)—Light-gray to buff, densely welded, porphyritic rhyolite tuff
containing abundant quartz, sanidine, plagioclase, and biotite phenocrysts; occurs
locally in Cowtrack Mountain quadrangle at Crooked Meadow and at Alpers Canyon,
where K-Ar age of 11.7 Ma has been obtained (R.E. Drake, written commun., 1979);
also includes similar but undated rhyolite welded tuff in northeastern part of Glass
Mountain quadrangle; source unknown but probably is northeast of map area in
Nevada; superficially resembles Bishop Tuff but is older and is separated from Bishop
Tuff by as much as 30 m of coarse gravel (unit Qog) near Alpers Canyon

Intermediate to mafic rocks
Dacite (Holocene)—Sparsely porphuyritic dacite to rhyodacite lava flows and cinder cones (dc)
on Poaha and Negit islands, typically containing small phenocrysts of plagioclase and
hypersthene, and less commonly hornblende and biotite; paleoshoreline and tephra
studies (Stine, 1984) suggest ages that range from about 2,000 yr B.P. to possibly less
than 220 yr B.P.

Younger basalt (Holocene and Pleistocene)—Dark scoriaceous trachybasalt flows and
associated cinder cones (yc) containing conspicuous plagioclase and olivine
phenocrysts; includes Red Cones, two cinder cones and associated lava flows that
postdate Tioga glaciation, and nonglaciated flows near Pumice Butte in Devils Postpile
quadrangle; also includes Black Point, a terraced cinder cone on northwest shore of
Mono Lake in Bodie quadrangle, formed by subaqueous eruptions about 13,000 yr
B.P. during a higher stand of lake (Lajoie, 1968)

Debris-avalanche deposit (Pleistocene)—Very coarse subrounded cobbles and boulders and
subangular blocks (as much as 2 m in diameter) in unsorted sandy to silty matrix;
consists almost entirely of hornblende-biotite quartz latite; forms debris lobe extending
from the northeast base of Lincoln Peak on Mammoth Mountain to east edge of
Mammoth Lakes townsite; formed by rock avalanche off northeast face of Lincoln
Peak, possibly triggered by phreatic explosions; age is uncertain but probably postdates
Tioga glaciation

Rhyodacite (Pleistocene)—Solitary rhyodacite lava dome near north end of Mono Craters;
very coarsely porphyritic, red-brown to black glassy rock, containing unusually large
plagioclase and smaller hornblende phenocrysts; most of initial pumiceous carapace
has been removed by erosion, and western flank is cut by an old Mono Lake terrace
(Lajoie, 1968); partly buried on east side by adjacent rhyolite domes of Mono Craters
dated at 40,000-38,000 yr B.P.; may be as old as 100,000 years on basis of
comparative morphology

_ Quartz latite of Mammoth Mountain (Pleistocene) —Coarsely porphyritic quartz latite
containing varying proportions of plagioclase, hornblende, biotite, augite, hypersthene,
Fe-Ti oxide, and rarely quartz and sanidine phenocrysts; occurs as steep-sided domes
and flows mainly in Devils Postpile quadrangle; largest accumulation forms Mammoth
Mountain cumulovolcano on southwest caldera rim, but other domes occur in west and
northwest moat; K-Ar ages range from 215 to 52 ka (Bailey and others, 1976;
Mankinen and others, 1986); largest individual dome is 1.5 km in diameter and 300
m thick; maximum aggregate thickness on Mammoth Mountain is 700 m

'”er:,] Explosion breccia (Pleistocene)—Heterogeneous explosion debris consisting of angular to
' subrounded fragments of rhyolite of Mammoth Mountain and Mesozoic granite and
metavolcanic rock; litters upland Sierran surfaces south and west of Mammoth
Mountain; related to explosive eruptions that postdated rhyolite of Mammoth Mountain
and predated most quartz latite of Mammoth Mountain; eruptive vents now covered by
Mammoth Mountain lavas

Rhyolite of Mammoth Mountain (Pleistocene)—Sparsely porphuyritic, low-silica sodic rhyolite
containing small plagioclase, anorthoclase, biotite, and clinopyroxene phenocrysts;
occurs mainly as flows and domes at or near base of porphyritic quartz latite sequence
of Mammoth Mountain (unit Qgm), but one or two bodies appear interbedded higher
in sequence (R.P. Koeppen, oral commun., 1976); two domes yield K-Ar ages of 256
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and 212 ka, respectively (Mankinen and others, 1986); also includes a mineralogically
similar rhyolite pumice-fall deposit (rmp) locally abundant on northeast flank of
Mammoth Mountain and at scattered localities within caldera; its probable source vent
is beneath rhyolite dome at base of Lincoln Peak

Aphyric basalt (Pleistocene)—Aphyric to sparsely porphyritic trachybasaltic lava and cinder
(abc) containing small olivine and plagioclase phenocrysts in reddish-brown to dark-
gray aphanitic or medium-gray crystalline groundmass; K-Ar ages range from 152 to 64
ka (Mankinen and others, 1986)

Porphyritic basalt (Pleistocene)—Coarsely porphuyritic trachybasaltic lava and cinder (pbc)
typically containing plagioclase, olivine, and augite, phenocrysts in a medium to dark-
gray aphanitic groundmass; some flows contain abundant plagioclase phenocrysts
commonly 1 cm long; flow in north moat has K-Ar age of 108 ka; flow in south moat
undated but limited between 126 and 64 ka by age of adjacent flows (Mankinen and
others, 1986)

Andesite (Pleistocene)—Sparsely porphuyritic trachyandesitic lava and cinder (ac) containing
small plagioclase and olivine phenocrysts in reddish-brown to medium-gray or black
groundmass; flows commonly exhibit subhorizontal platy jointing in exposed interiors;
occurs near Mammoth Pass and in west moat of Long Valley caldera, Devils Postpile
quadrangle, where K-Ar ages range from 228 to 83 ka (Mankinen and others, 1986)
and also near June Lake, in Mono Craters quadrangle, where large cinder cone and
related flows postdate Tahoe glaciation and predate Tioga glaciation (Putnam, 1949)

Aphyric quartz latite (Pleistocene)—Aphyric to sparsely porphyritic lava containing small
phenocrysts of either augite, hypersthene, and plagioclase or hornblende and
plagioclase in medium-gray to pinkish-brown aphanitic or black glassy groundmass;
occurs as domes and flows underlying or interbedded with postcaldera basaltic lavas in
Devils Postpile quadrangle; flow in west moat has K-Ar age of 103 ka (Mankinen and
others, 1986) but domes near Pumice Butte and flow near Devils Postpile predate
porphyritic quartz latites of Mammoth Mountain and are older
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Glomeroporphyritic basalt (Pleistocene)—Trachybasaltic lava flows typically containing sparse
glomeroporphuyritic clots of olivine, augite, and plagioclase in a relatively coarse-grained
groundmass; occurs locally along western margin of resurgent dome in Long Valley
caldera; K-Ar ages range from 155 to 145 ka (Mankinen and others, 1986)

- Hornblende rhyodacite (Pleistocene)—Single, isolated rhyodacite dome on northeast edge of

Long Valley caldera; contains small hornblende and plagioclase phenocrysts in gray
glassy matrix; age is uncertain, but probably was extruded in early postcaldera time,
possibly subaqueously in caldera lake

Older basalt (Pleistocene)—Porphuyritic olivine-augite basaltic lava commonly showing
nontronitic alteration; forms The Buttresses in gorge of Middle Fork of San Joaquin
River, Devils Postpile quadrangle; age uncertain but probably early Quaternary on
basis of topographic relations

Quartz latite of San Joaquin Ridge (Pliocene)—Coarsely porphyritic quartz latite forming
massive domes and flows and associated tuff and tuff-breccia northwest of caldera in
vicinity of San Joaquin Ridge and June Mountain; includes in part rocks mapped as
quartz latite of Two Teats in Devils Postpile quadrangle (Huber and Rinehart, 1965);
K-Ar ages range from 3.0 to 2.5 Ma (Huber and Rinehart, 1967; Curry, 1971; Chaudet,
1986). Divided into:

Domes and flows—Massive to brecciated quartz latite containing phenocrysts of plagioclase,
hornblende, biotite, and occasionally sanidine and quartz in light-gray, blue-gray, or
reddish-brown glassy to aphanitic groundmass; forms steep-sided domes and short
flows, as much as 200 m thick and 1-2 km in diameter

Tuff and tuff breccia—Mainly pyroclastic fall and pyroclastic ‘flow deposits with locally
interbedded laharic breccias, forming now-much-dissected tuff-cone complex around
dome-filled vents on San Joaquin Ridge; consists of upper member composed mainly
of coarse block-and-ash flow deposits containing large bread-crusted and radially-
jointed blocks of juvenile quartz latite, deposited in part contemporaneously with
domes and flows (unit Tsjt), and lower member characteristically containing
abundant, commonly large (1-3 m diameter), accidental blocks of local Sierran
basement rocks (granite, metaporphyry, metasedimentary rocks); lower member
includes deposits assigned to the herein abandoned Deadman Pass Till (Curry, 1966;
Dalrymple, 1972), now demonstrated to be the product of erosion and weathering of
pyroclastic deposits (R.A. Bailey, N.K. Huber, and R.R. Curry, unpub. data, 1987);
maximum exposed thickness is about 200 m

- Quartz latite of Bald Mountain (Pliocene)—Sparsely porphyritic latite and quartz latite
containing plagioclase, hornblende, and hyperthene phenocrysts, and rarely olivine or
sanidine and biotite; forms dome-flow complex of Bald Mountain and several isolated
domes on north and south rim of Long Valley caldera; one flow on Bald Mountain has
yielded a K-Ar age of 3.4 Ma, but formation may include flows of older age (J.M. Metz,
written commun., 1986); maximum aggregate thickness on Bald Mountain is about
300 m

Basalt and andesite (Pliocene)—Trachybasaltic and trachyandesitic lavas and cinders (bac)
from numerous vents peripheral to Long Valley caldera and in adjacent areas; color
and texture variable; generally distinguishable from postcaldera mafic lavas by
perdominance of ferromagnesian (olivine, augite, and rarely hypersthene) rather than
plagioclase phenocrysts; includes rocks mapped as the andesite of Deadman Pass in
Devils Postpile quadrangle by Huber and Rinehart (1965); K-Ar ages range from 3.6 to
2.2 Ma (Dalrymple, 1963; Huber and Rinehart, 1967; Bailey and others, 1976);
thickness extremely variable, locally attaining 200 m

Latite welded tuff (Miocene)—Gray to black vitrophyric welded tuff with conspicuous eutaxitic
texture; contains sanidine, plagioclase, biotite, augite, and occasionally hornblende
phenocrysts; K-Ar ages range from 11.9 to 11.1 Ma (Gilbert and others, 1968);
probable source is north of map area

Andesite (Miocene)—Trachyandesitic flows, tuffs, and breccias in northern parts of Cowtrack
Mountain and Glass Mountain quadrangles; undated but considered Miocene in age
based on stratigraphic relations (Gilbert and others, 1968; Krauskopf and Bateman,
1977)

METAMORPHIC ROCKS

Mzmv Metavolcanic rocks (Mesozoic)—Metamorphosed volcanic rocks of Ritter Range roof pendant,
mainly in Mount Morrison, Devils Postpile, and Mono Craters quadrangles (Rinehart
and Ross, 1964; Huber and Rinehart, 1965; Kistler, 1966a, 1966b; Fiske and Tobisch,
1978; Kistler and Swanson, 1981); Triassic, Jurassic, and Cretaceous in age

Metasedimentary rocks (Paleozoic)—Metamorphosed sedimentary rocks in the Benton Range,
Casa Diablo Mountain quadrangle (Rinehart and Ross, 1957), in the Mount Morrison
roof pendant, Mount Morrison quadrangle, (Rinehart and Ross, 1964), and in Gull
Lake roof pendant, Mono Craters quadrangle (Kistler, 1966a, b; Kistler and Nokleberg,
1979); Ordovician, Silurian, Mississippian(?), Pennsylvanian(?), and Permian(?) in age

PLUTONIC ROCKS

Kg Granodiorite (Cretaceous)—Mainly rocks mapped as ‘“quartz monzonite similar to the
Cathedral Peak Granite” in Mt. Morrison and Devils Postpile quadrangles (Rinehart and
Ross, 1964; Huber and Rinehart, 1965), Round Valley Peak Granodiorite in Mount
Morrison quadrangle (Rinehart and Ross, 1964) and equivalent rock formerly mapped
as granodiorite or Rock Creek in Casa Diablo Mountain quadrangle (Rinehart and Ross,
1957), Mount Givens Granodiorite, and granodiorite of Fish and King creeks in Devils
Postpile quadrangle (Huber and Rinehart, 1965); includes other small granitic masses
of probable Cretaceous age: albite granite of McGee Mountain, quartz monzonite of
Hilton Creek, granodiorite of Red Mountain, as well as other small unnamed felsic and
dioritic bodies in the Mount Morrison and Casa Diablo Mountain quadrangles (Rinehart
and Ross, 1957, 1964); also includes quartz monzonite of Aeolian Buttes (Kistler,
1966b) and granite of June Lake (R.W. Kistler, oral commun., 1987) in Mono Craters
quadrangle

Jg Granitic rocks (Jurassic)—Consists of rocks mapped as granite of Casa Diablo Mountain in
Casa Diablo Mountain, Glass Mountain, and Cowtrack Mountain quadrangles (Rinehart
and Ross, 1957; Krauskopf and Bateman, 1977)

JRg Granodioritic, dioritic, and gabbroic rocks, undivided (Jurassic and Triassic)—Mainly Triassic
rocks mapped as quartz monzonite of Wheeler Crest and granodiorite of Benton Range
in Casa Diablo Mountain and Glass Mountain quadrangles (Ross and Rinehart, 1957;
Krauskopf and Bateman, 1977) and as Wheeler Crest Quartz Monzonite in Mount
Morrison and Devis Postpile quadrangles (Rinehart and Ross, 1964; Huber and
Rinehart, 1965); also includes quartz monzonite of Deer Spring in Casa Diablo
Mountain quadrangle (Rinehart and Ross, 1957) and quartz monzonite of Lee Vining
Canyon in Mono Craters quadrangle (Kistler, 1966b), also probably Triassic in age;
also includes small masses of Triassic diorite and gabbro, as well as Jurassic aplite dikes
and small intrusions in Glass Mountain and Cowtrack Mountain quadrangles
(Krauskopf and Bateman, 1977)

Contact—Dashed where approximately located

— '  Fault—Dashed where approximately located, dotted where concealed; ball and bar on
downthrown side

+ Monoclinal fold—Arrow points down dip
seeeeee0e Topographic margin of Long Valley caldera floor
_3——1— Fissures and minor faults—Ball and bar on downthrown side
~“~~ =~ Mylonitic shearing in plutonic rocks
———— Pyroclastic-surge dunes
..-=+==++= Crests of moraines and rock glacier ramparts

Bleached and hydrothermally altered rocks

Volcanic craters—Hachures point into crater
il Strike and dip of strata and tabular lava flows

ey Dip of fault or intrusive contact

T General flow direction of lava—Indicated by surface morphology and internal structure
43 Drill hole—Number refers to table 1

* Quaternary volcanic center or vent—Not otherwise indicated by craters

%

Inferred Quaternary subaqueous volcanic center or vent (Mono Lake)

>

Tertiary volcanic center or vent
L Thermal spring
oF Fumarole

Bathymetry contour—Depth in feet. (See Mono Lake)
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